Biosynthetic Studies of Hairy Root Constituents of the Heliantheae (Asteraceae) and Phytochemical Screening of Members of the Magnoliaceae. by Gomez-barrios, Marco Luis
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1991
Biosynthetic Studies of Hairy Root Constituents of
the Heliantheae (Asteraceae) and Phytochemical
Screening of Members of the Magnoliaceae.
Marco Luis Gomez-barrios
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Gomez-barrios, Marco Luis, "Biosynthetic Studies of Hairy Root Constituents of the Heliantheae (Asteraceae) and Phytochemical
Screening of Members of the Magnoliaceae." (1991). LSU Historical Dissertations and Theses. 5236.
https://digitalcommons.lsu.edu/gradschool_disstheses/5236
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer.
The quality of this reproduction is dependent upon the quality of the 
copy subailtted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleed through, substandard margin*, 
and improper alignment can adversely affect reproduction.
In the unlikely event that the author did not send UM I a  com plete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a  note will indicate 
the deletion.
Oversize m aterials (e.g., maps, drawings, charts) are  reproduced by 
sectioning the original, beginning at the upper left-hand com er and 
continuing from left to right in equal sections with small overlaps. Each 
orig inal is a lso photographed  in one exposure and is included in 
reduced form at the back of the book.
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. H igher quality 6 " x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order.
U n i v e r s i t y  M i c r o f i l m s  I n t e r n a t i o n a l  
A Be i i  & Hovven i n f o r m a t i o n  C o m p a n y  
iOO N o r t h  Z e e b  R o a d  A n n  A r b o r  Ml 48106 ' 3 4 6  USA 
3 U  761 4700  800 5 2 1 0 6 0 0
Order Num ber 9210580
B io sy n th e tic  s tu d ie s  o f  h a iry  ro o t c o n s titu e n ts  o f  th e  
H e lia n th e a e  (A s te rac ea e )  a n d  p h y to ch e m ic a l sc reen in g  o f 
m em b ers  o f  th e  M ag n o liaceae
Gomez-Barrios, Marco Luis, Ph.D .
The Louisiana S ta te  University and A gricultural and Mechanical Col., 1991
U M I
lOON.Zceh Rd.
Ann Arbor. Ml 4 X106
BIOSYNTHETIC STUDIES OF HAIRY ROOT CONSTITUENTS 
OF THE HELIANTHEAE (ASTERACEAE) AND 
PHYTOCHEMICAL SCREENING OF MEMBERS OF THE
MAGNOLIACEAE
A Dissertation 
submitted to the Graduate Faculty of the 
Lousiana State University and 
Agricultural and Mechanical College 
In partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Chemistry
by
Marco L. Gomez-Barrios 
B.S.. Pontificia Universidad Catolica del Peru, 1986 
December, 1991
T T
inry ox
ACKNOWLEDGEMENTS
I would like to thank Dr. Nikolaus H. Fischer for the integral education 
he gave me, for his guidance, encouragement and counseling about all the 
aspects of my life during my studies at Louisiana State University. If this 
work is worth something it is only because of him. Also, 1 need to express my 
gratitude to his wife, Mrs. Helga Fischer for her friendship with me and my 
family and her invaluable help during these years.
Dr. David Vargas patiently helped me with the use of the NMR 
instruments and dedicated many hours to discuss the results of my work. For 
his time and most of all for his great friendship 1 will always be grateful.
I would like to acknowledge Dr. Frank Fronczek who determined some 
X-ray structures that simplified my work, Jeff Cokem for providing mass 
spectral data, Dr. Leonard Thien from the Department of Botany of Tulane 
University for giving me some of the plant material that was used in my 
studies. Dr, Martin Hjonso for providing the hairy root cultures used in the 
biosynthetic studies. Dr. Steve Watkins who, as a Graduate Advisor made 
everything easier for me. I want to thank Dr. Mark McLaughlin for his 
friendship and for his help during my studies. Also I like to acknowledge 
Marcus Nauman for his valuable help with the NMR instruments.
Financial support from the Coates Memorial Foundation is 
acknowledged.
I would like to express my gratitude to Dr. Frank Cartledge, Dr. Randy 
Hall, all the members of the Chemistry faculty for all the learning
opportunities they gave me, and to all the members of Dr. Fischer's group past 
and present, especially Felix Parodi for their support and friendship.
1 want to thank my parents Alfonso and Graciela for their constant 
encouragement and love, and for giving the moral and religious principles that 
led me throughout my life. Also, 1 want to thank my brother and sisters for 
their love and support.
Thanks to my two children Marco and Renzo, although they are still to 
young to know it, they provided me with the strength and inspiration I needed to 
reach my goal. Finally, to my wife Ana, I could never tell how grateful I am for 
her love, support and invaluable help during these years. For all the sacrifices made 
so that 1 could selfishly fulfill my dreams, this work is dedicated to her.
PREFACE
This dissertation is divided into three chapters. Chapter 1 is a general 
introduction to the various aspects of the collaborative biotechnology project between 
our natural products group, Dr. Hjortso's group in Chemical Engineering and Dr. 
Flores at the University of Pennsilvania. It provides an introduction to the use of 
hairy root cultures for biosynthetic studies of root metabolites using 13C-labeled 
precursors. Also, background information on a phytochemical screening of members 
of the Magnoliaceae is enclosed in this chapter.
Chapter 2 discusses the chemistry and biosynthesis of secondary 
metabolites produced in hairy root cultures of Ambrosia artemisufolia and Gaillardia 
pulchella. The chapter is divided into three parts, of which the first two parts discuss 
biosynthetic studies of Ambrosia artemisufolia constituents which will be submitted 
to Phytochemistry . Therefore, they have been written in the style of this journal. 
Section 2.1 describes the total assignment of the signals of the l3C NMR spectrum of 
thiarubrine A and the biosynthetic study of this compound. Section 2.2 provides 
biosynthetic data of the sesquiterpenes p-bisabolene and p-trans-bergamotene and the 
total assignment of the 13C NMR signals of the latter. Section 2.3 outlines 
preliminary results obtained in an attempted biosynthetic study of two thymol 
derivatives and a polyacetylenic sulfone isolated from the hairy roots of G. pulchella.
Contributions of the various co-authors of these papers are listed below. 
Hairy root cultures were grown in the Department of Chemical Engineering under the 
supervision of Dr. Martin Hjortso. a co-author of three manuscripts that form part of 
this dissertation. He was also responsible for the introduction of labeled acetates into 
the media to hairy root cultures at the appropiate growing stages.
Dr. Hector Flores, now at the University of Pennsylvania, was the initiator 
of this project. His group established the first hairy root cultures of A. artemisufolia.
Dr. Leovigildo Q irijan o  investigated the roots of field grown Ambrosia artemisufolia 
before my part of the project was initiated. He also described the chemistry and part 
of the spectral data of these compounds. Finally, Dr. David Vargas provided advise 
on the experimental aspects of modem NMR techniques that were chosen for solving 
the structural assignments . He also assisted in the execution of the NMR 
experiments.
Chapter 3 contains the results of the identification of the major chemical 
constituents of ten species of genus Magnolia (Magnoliaceae). The newly isolated 
compounds were characterized by lH and 13C NMR spectroscopy and their spectral 
data are included at the end of the chapter. Results of this investigation will also be 
submitted to Phytochemistry.
In Chapter 4 the conclusions of this work and recomendations for future 
investigations are presented.
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ABSTRACT
The major chemical constituents of Magnolia acuminata. M. ashci. M. 
cordata. M. dealbata, M. frascn, M. freemam, Af. Uttle gem, M. macrophyita. Af. 
mpetaia and M. virginiana w en  studied as pan of a continuing search for 
biologically active secondary metabolites from regional plant sources and the 
investigation of their biosynthesis and large scale production. All these Magnolia 
species are rich in fatty acids and several also contain manoterpenes. sesquiterpenes, 
sesquiterpene lactones and lignans.
The organic extract or the leaves of Magnoua virzimana provided a new 
sesquiterpene lactone. 4,14-dehydromagnognindiolidc, and the new sesquiterpene 
lactol costunoiactol. The known sesquiterpene lactones parthenolide and costunolide. 
as well as several sesquiterpene hydrocarbons, were also identified. Dried leaves of 
Magnolia freemanii afforded the sesquiterpene lactones parthenolide. 
peioxypanhenoiide, michelenolide, dihydrosantamarine and reynosin. The latter two 
are probably formed by cyclizadon of the related costunolide-1 ,1 0-epoxides during 
chromatographic separation on silica gel. The major components of the organic 
extract of the leaves of Magnoua mpetaia were in order, the known Lignan magnoiol. 
its isomer honolooL the mono-methyl ether of honoldol. and its acetyl derivative.
Total assignment of the 13C NMR signals of thiarubrine A, p-trans- 
bergamotene, 7-isobutyryloxythymol isobutyrate. and 7 -isobutyryloxy-8 ,9 -dehydro 
epoxythymol isobutyrate was obtained using modem NMR techniques which 
included INAPT. COSY, HETCOR, Gated Decoupling and DEPT. Spectra of l3C- 
ennched thiarubrine A. obtained from hairy root cultures of Ambrosia artemisiifoiia 
by incorporation of ( l - l3C]-t [2-13C]- and [1,2-l3C 2]-acetate, showed patterns of 
enrichment consistent with a biosynthetic pathway in which the thirteen-carbon 1.2 - 
.^iuiiin anses from a langer-cnam precursor, most lixeiv a founeen-caroon nomoiog.
by carbon-carbon scission. Likewise, the spectra of 13C-enriched p-btsabolene and 
p-trans-bergamotene, derived by incorporation of [ l - l3 C]-t [2-13C]- and (1,2- 
l3C 2 l-acetate in A. artemisiifoiia root cultures, showed patterns of enrichment 
consistent with the hypothesis that the biosynthesis of sesquiterpenes proceed via 
the mevalonic acid pathway.
Biosynthetic studies of 7-isobutyryloxythymol isobutyrate and 7- 
isobutyry ioxy -8 ,9-dehydroepoxythymoi isobutyrate, as well as an acetylenic sulfane 
were attempted in hairy root cultures of Gaillardia pulchella using [1-13C]-, [2- 
l 3C]- and [ l ,2 - l 3C]-labeled sodium acetate as precursors; however. 13C 
incorporations were too low. and no conclusions concerning probable biosynthetic 
pathways were possible.
CHAPTER 1 
GENERAL INTRODUCTION
1
Many plant natural products possess unique biological activities. As such, they 
represent an important reservoir of potential ecologically sound biocides and 
pharmaceutical agents [1.1-1.3]. In fact, research in this area has in the past 
produced important medicinal drugs that are still in use. Structural and synthetic 
studies as well as systematic chemical modifications of compounds derived from 
natural sources has resulted in a wide spectrum of structural types of medicinal drugs 
of great economic impact It is now recognized that bio-active plant natural products 
are very important in the defense of plants against insects, plant parasites, 
mammalian herbivores and other plants. Different natural products, such as 
acetylenic compounds, terpenoids ana alkaloids have been demonstrated to be 
insecticidal, fungicidal, antibiotic, nematicidal and possess allelopathic activities 
[1.4]. For instance, plants have been used for centuries as insecticides and presently 
there are several biocides which have been modeled after natural products.
To date, virtually all commercially available plant metabolites are obtained from 
field grown plants. However, it would be clearly desirable to produce these 
compounds biotechnologically. This way a process will not depend on the climate or 
the time of the year, resulting m a steady supply of product. Problems typical of 
plantation culture, such as disease, pests and adverse weather would be avoided by 
producing plant natural products in bioreactors.
Methods for large scale plant cell culture production have been available for 
three decades (1.5] but without commercial success. The primary reason for this lack 
of success is most likely due to the fact that major attention was given to 
undifferentiated plant cell cultures which have been found to be poor producers of 
the products normally found in the source plant. Therefore, this project focuses on 
the study of secondary metabolites from hairy roots, which represent differentiated 
cell cultures.
Hairy roots are obtained by infection of dicocyiedoneous plant species with the 
bacterium Agrobacunum rhizogenes. The importam properties of hairy root 
cultures are their high growth rate and their ability to produce secondary metabolites, 
at much higher levels than cell cultures, over periods of time {1.6]. Some
hairy roots have the ability to produce chlorophyll indicating that their biosynthetic 
potential is even greater than that associated with normal roots and that they may be 
able, in the future, to produce compounds that are usually found in the aerial parts of 
a plant [Flores, H„ unpublished].
Hairy root cultures potentially also provide an excellent medium for biosynthetic 
studies involving 13C-labeleri precursors. In the past, the low natural abundance of 
I3C [1.108 %) did not permit the use of ,3C NMR in biosynthetic studies until the 
advent of FT-NMR. Today, 13C NMR spectroscopy is a common non-destructive 
method that allows rWwwmimjnft of the pnamrwi of a 5 3C-label in biosynthesized 
secondary metabolites after incorporation of l3C-labeled precursors. A number of 
13C-labeled precursors are commercially available with enrichments of up to 99%. In 
the past, most biosynthetic studies have been limited to microorganisms, since 
higher piants did not incorporate precursors in sufficiently high yields. This 
excluded this powerful but relatively insensitive NMR methodology. However, 
recent results in our laboratory have shown that the biosynthetic pathways of two 
bithiophenes and the sesquiterpene 0-famesene could be established using R e ­
labeled acetates in hairy root cultures of marigold. Tagetes ifa (1.7].
In order to use the 13C NMR method for biosynthetic studies it is imperative to 
unambiguously assign all the signals of the 13C NMR spectrum of a compound. To 
achieve this, several NMR techniques are available. Polarization transfer experiments 
[1.8] such as DEFT (Distortionless Enhancement by Polarization Transfer) allows 
the distinction between methyl, methylene, methine and quaternary carbons. Another 
polarization transfer method, IN AFT (Insensitive Nuclei Assignment by Polarization
Transfer) [1.9], is pet tunned by selectively saturating individual proton resonances 
that cause polarization transfer of carbons separated by two, three and four bands, 
resulting in selected appearances of these carbon signals. *H coupled NMR 
(Gated Decoupling) experiments reveal the multiplicities and the values of the 
coupling constants of the C-H couplings at short and long range [1.10]. Finally, the 
use of two-dimensional (2D) experiments such as ^H-^H correlation (COSY) are 
immensely useful in the assignments of NMR spectral signals. In addition, this 
information can be extended to other 2D techniques. For instance, carbon-hydrogen 
(13C -lH ) correlation (HETCOR) provides additional information allowing 
unambiguous assignments and/or verification and confirmation of assignments 
obtained by other NMR experiments.
The biotechnology project presented in this dissertation is based on two major 
goals:
i. Identification of biologically active plant metabolites of possible commercial 
value obtained from regional plant species. Such metabolites could be used as 
models for the design of new specialty chemicals, including pharmaceuticals or 
agrochemicals. If a plant shows potential to be commercially developed, hairy root 
cultures of this plant might be established for commercial production of specialty 
chemicals.
ii. Biosynthetic studies of hairy root culture metabolites, which at the present time 
ate restricted to the biosynthesis of compounds present in plant roots.
In this context we chose to study members of two families of higher plants. The 
Magnoliaceae are known to be rich in biologically active terpenoids, including 
sesquiterpene lactones, lignans and alkaloids. In the Astereaceae family, more 
specifically, the tribe Heliantheae, we concentrated our efforts toward the search for 
bioactive polyacetylenes which commonly occur in roots of these plants. For this 
reason we studied the common Louisiana ragweed. Ambrosia anemtsiifoiia, ana the
coastal species Gaillardia puichtlla. Both are known to produce various structural 
types of polyacetylenes [1.11-1.13]. The broad spectrum of biological activities of 
these types of compounds is reviewed below.
A wide range of polyacetylenes and sulfur derivatives occurs in plants. They are 
lipids that contain between eight and eighteen carbon atoms and possess multiple C- 
C triple bonds. Many are highly conjugated, unstable compounds which display 
unique chemical and photochemical properties and exhibit biological activities 
towards a number of organisms. The role of polyacetylenes in plants has not been 
completely defined, but it is proposed that they serve defensive purposes.
Polyacetylenes are powertul but unstable antibiotics. They also exhibit 
antifungai, nematicidal, antiviral, phytotoxic and piscicidal activity [1.14-1.16]. 
There are two types of toxicity displayed by acetylenes a) toxicity in the absence of 
light and b) toxicity that requires a source of near LJV or UV-A light (320-400 nmj. 
For instance, thiarubrine A (1) has excellent antifungai activity in the absence of 
light but it is relatively ineffective against bacteria under the same conditions. In the 
presence of light, thiarubrine A decomposes rapidly into thiophene A (2) which is 
extremely toxic to both fungi and bacteria, but completely ineffective against both 
without light. Also, many of these compounds and their sulfur derivatives are 
photosensitizers which can be involved in the formation of singlet oxygen. Studies 
on the antiviral activity of some acetylenes demonstrated that they are phototoxic 
against certain viruses. The high photobiological activities of several thiophene-type 
acetylenes made them potential candidates for use as insecticides or topical 
antibiotics. Since none of these polyacetylenes and sulfur derivatives caused 
photogenotoxic effects such as chromosomal aberrations or any other genetic risk 
they could also find pharmacological use.
C H ,- C « C C * C - C * C -C H C H j  C H , - C « C
2
1
Several poiyacetylenes, including thianibrine A. showed activity against 
adult nematodes, acdvity that was enhanced by UV irradiation or natural sunlight 
Toxicity in the dark was also observed but at higher concentrations. Due to their 
high concentrations in plant roots it has been suggested that poly acetylenes may also 
have aiielopatmc acuvity against ouier competing piant species. Unfortunately, omy 
limited information is available to demonstrate that polyacetylenes are released 
directiy into the soil to be ailelopatiuc. Icfathyothereol i3 ), a hydroxytetrahydropyran 
polyacetyiene has been shown to be a very harmful nerve toxin for fish. In fact, the 
leaves of Ichthyothere terrmnalu and some species of Clibadium axe widely used by 
natives of countries bordering the Amazon as a fish poison. The crushed leaves 
thrown into the stream produce a violent agitarinn in the fish followed by loss of 
coordination so they can be collected easily. 2-cis, 8 -Matncaria ester (4) from 
golden rod and related taxa is the only other acetylene that has similar piscicidal 
activity at low concentrations. These compounds appear to be harmless to people 
eating the fish caught in this manner. However, it has been shown that the crude 
extract of the leaves of I. temunaiis is extremely toxic to mammals as well as to fish
CH, C H “ CH—( C S O j- C H * C H —COOCHj
3 4
A great number of important active compounds has been found in different 
species of the genus Magnolia. For example, parthenolide (5), a germacranolide 
sesquiterpene lactone isolated from the leaves of grand magnolia (Af. grandiflora )
[ 1.18] is currently being investigated for the treatment of migraine headaches. This 
lactone and its dihydro-derivative, dihydroparthenoiide (DHP) (6 ), also stimulate 
germination of witchweed (Striga hermonihica and S. asumca ) a root parasitic weed 
of major food crops like sorghum, com,wheat and sugarcane. DHP (6 ) stimulates 
70% Striga germinadon at concentrations of 10 7 to 10  ^M. which is in the range of 
the highly potent germination stimulant strigol and its analogs. A promising method 
of Srriga control involves promotion or germination in the absence of a suitable host, 
which would result in the death of the .Striga seedling. Parthenolide and DHP are 
stable compounds and are active as germination stimulants over a broad range of 
concentrations. Therefore its activity on the field should not disappear inmediately as 
the compound breaks down, or be overly dependent on applications of precise 
concentrations [1.19], Many other cytotoxic sesquiterpene lactones have been found 
in members of the family Magnoliaceae [1.20]. Also a wide variety of lignans, 
neolignans and several alkaloids have also been isolated from species of this family, 
and many of them have demonstrated biological activity [1.21-1.35]. The bark, 
wood and other parts of Af. grandiflora and Af. acuminata have a long history of use 
in folk medicine for the treatment of malaria and rheumatism [1.28,1.36]. The 
alcoholic extract of the wood of Af. grandiflora is toxic to mice when given at a 
concentration of 250-400 mg/kg [1.36] .The ether extract of another member of this 
family, Af. liliflora, depressed the spontaneous activity of mice and chicks and 
caused a distinct muscle weakness. In addition it suppressed convu Isions induced by 
strychnine, picrotoxin and penetrazole [ 1.3 7 ].
This wide variety and abundance of active constituents provide a
tremendously rich pool for potentially active compounds from plants of this genus
native to Louisiana and neighboring states. This makes them very attractive sources
for bioactive compounds used in this project.
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CHAPTER 2
BIOSYNTHETIC STUDIES OF NATURAL PRODUCTS USING 
13C-LABELED PRECURSORS IN HAIRY ROOT CULTURES
T 1
SECTION 2.1
BIOSYNTHETIC STUDIES OF THIARUBRINE A IN HAIRY 
ROOT CULTURES OF AMBROSIA ARTEMISIIFOLIA USING
13C-LABELED ACETATES
2,1.1 INTRODUCTION
The Asteraceae family is known to produce a wide range of structural types of 
polyacetylenes including many sulfur derivatives (2.1.1,2.1.2]. In recent years a 
large number of reports have appeared dealing with the biological activities of these 
compounds. They possess high anut'ungai activity in the absence of light, exhibit 
phototoxicity against certain viruses and have proven not to cause photogenotoxic 
effects such as chromosomal .iserrations, rhev aiso exhibit strong nemaucidal 
activity [2.1.2.2.1.4],
A m o n g  ihe suifur-containing polyacetvlenes,  the relatively small group of 
1,2- dithia -3,5- cyclohexadiene derivatives ( 1,2-dithiins), commonly referred to as 
thiarubrines due to their deep red color, has in recent years attracted major attention 
due to their unique chemical properties and potent biological activities [2.1.2-2.1.4]. 
The 1,2-dithiins tluarubrine A (1) and thiarubrine B (2) have been found in a 
number ot taxa ot the tnbe Heliantheae t Asteraceae t including the genus Ambrosia 
[2 .1.1 -2 .1.3]. We had previously isolated thiarubrine A  from the roots of A. 
artemisiifotia [2.1.5]. In a detailed re investigation of wild A. artemisiifoiia (L. 
Quijano and N.H. Fischer, unpublished work) the major sesquiterpene was trans-fi- 
bergamotene followed by p-bisabolene and a-curcum ene as less prominent 
constituents. In addition, cis-a-fam esene and P-famesene as well as stigmasterol 
and p-sitosteroi were present. Tluarubrine A and thiophene A represented the major 
sulfur-containina acetylenes with thiarubrine B and its related thiophene B being 
trace constituents. All above A. arietntstifolia root constituents were unambiguously 
identified by hieh-field and NMR and mass spectral analysis.
Previous Diosvmnenc studies o: ooivacetvtenes ana derived thioonenes nave 
been pertorm ed with raaioactive and tn tium  labeled precursors [2.1.11- 
Labeling experiments using in hairy root cultures ot' Chacnactis douqiasii 
showed that the labeled sulphur incorporated simultaneously in both, thiarubrine A 
and B, and their related thiophenes, and once incorporated remained at a constant 
level in both compounds. These results suggest two alternative explanations for the 
observed pattern: both compounds could be synthesized by separate pathways, or in 
separate reactions trotn a common precursor [2.1. 6).
NMR labeling experiments nave been useo in biosyntnetic studies since 
the early 1970s [2.1.7]. Recently, the incorporation or [1 -^ C ], [2 -^ C ] and [1,2- 
1^ C2]-labeied acetates into two bithiophenes 5 -(3-buten-l-ynyl)-2 ,2 '-bithiopnene 
(BBT) and 5-(4-acetoxy-l-butyny!)-2,2' bithiophene tBBTOAc) was successfully 
performed using hairy root cultures of Taqetes paiuia [2.1.8].
In this paper we report the results of our btosyntnetic studies oi thiaruonne A 
in hairy root cultures of A. jrtemtsufolia using [ 1- ‘3 r ]. [2 -13r1 ana f 1.2-1
2.1.2. RESULTS AND DISCUSSION
H C  NMR assignments of thiaruhnne A
The proton decoupled NMR spectrum of thiarubrine A shows signals for 
thirteen carbons. The multiplicity of the proton-bearing carbons was determined 
using DEFT experiments tFig. 2,1.11. With this information it was possible to 
unequivocally assign the signals for the methyl grouD C -13 at 6 4.99 and for the 
methylene C-I at 6 131.14. The signals at 6 115.77. 132.32 and 136.1 belong to 
anv or the remaining CH's naineiv C-2. C-o ana C-9. Usine the information 
provided bv the 2D ^ C - * H  correlation tHETCOR) snown in Fig. 2.1.2, these 
signals were assigned as C-2 15 115.77j .  C-8 (5 136.101 and C-9 (6 132.321.
In order to unambiguously assign the rest of the signals, all of them belonging 
to quaternary carbons, iwo techniques were used: a coupled NMR (Gated 
Decoupling) [2.1.9] experiment in which the multiplicities and the values of the 
coupling constants provided information about the C-H couplings at short and long 
range iF ie. 2.1.3 ); and a series of selective INAPT experiments [2.1.10] (Fig. 
2.1.4) that were perrormea by selectively saturating individual proton resonances 
that cause polarization transfer or carbons separated bv two, three and four bonds, 
resulting in selected appearances of these carbon signals. The delays D2 and D3 in 
the pulse sequence for Jc h of 6-10 Hz were optimized.
Selective saturation ot the methyl signal at 5 2.08 resulted in resonances at 5 
118.40. 7”*. 15 and 97 91 in the carbon spectrum. These signals were assigned to C- 
10. C-l 1 and C 12, respectively. Tlie assignment of C-10 was further confirmed 
when the H-8 signal at 5 6.65 was irradiated and orisinated sisnais at 6 118.40 and 
77.39. The latter was assigned to C-6. This result also indicates a i rans  
.uniigui'atioii Lciween H-6 a no C-10. Tiie caroon resonance at 6 i i i . aO was
strongly enhanced when H-9 (B 6.50) was selectively irradiated. This signal was 
therefore assigned to C-7.
The rest of the assignments was based on the multiplicities observed in the 
gated decoupling 13C NMR experiment. The signal at 6  85.29 appeared as a doublet 
of a doublet of a doublet. Of the three carbons that remain unassigned fC-3, C-4 and 
C-5) C-3 is the only one that could show such multiplicity. This was confirmed by 
irradiation ot the H-lb signal at 6  5.69 with delays optimized for J “ 15 Hz that 
produced only one resonance enhancement at 6  85.29.
The two remaining resonances at 6 74.05 ana 81.42 were assigned to C-4 
and C-5. respectively, based on tlieir 'ruiitioiicuies in the gated decouDiing 
experiment. C-4 showed a doublet with Jc  H2m *-3 Hz while C-5 is a broad singlet 
too distant trom any proton in the molecule to effectively split the resonance. The 
results of all experiments are summarized in Table 2.1.1.
Biosynthetic Studies
Hairy root ciones ot A. artemtstifolia were grown tor tour weeks in 
bioreactors and the labeled acetates were added asepticaiiv one weex alter 
inoculation. Among other compounds, thiarubrine A < 1), was isolated from the 
CH2CI2 extract of the root cultures.
The NMR spectra of unlabeled acetate, a c e ta te -[l-^ C ] and acetate-[2- 
l3 C]-ennched ihiaruDnne A are shown in Fig. 2.1.5. For the f 1 - 1301 - labeled 
acetate experiment the intenstty of the signal for carbon 1 was set equal to the 
intensity of the corresponding carbon signal in the spectrum of the unlabeled 
thiarubrine A. This was based on the assum ption that this carbon does not 
significantly increase during incorporation of acetate-( 1 - [ 2 . 1 . 1 1 ] -  The same 
;uetnod w.u* uieu :or me spectral analysis 01 ttie ace ta te -il- * ■ *-]■ crunched
thiarutmne A but in this case the signal for carbon S was chosen as a reference. 
This method allows for visual comparison of the relative intensities of the peaks thus 
deriving the magnitude and the position of the incorporation (2.1.11]. Acetate- 
[ l- l^ C ]- enriched thiarubrine A showed enhanced signals for carbons 2,4,6,8,10 
and 12. while acetate-{2-^C]* enriched thiarubrine A exhibited enhancements of 
carbon signals 1.3,5,7,9,11 and 13 (Fig. 2.1.5 and 2.1.6; Table 2.1.2). These 
results agree with the biogenetic proposal [2.1.1] which suggests that the thirteen- 
carbon chain poiyacetvienes and their dithiin derivatives are derived from fourteen- 
carbon chain precursors, most likely via the common pentavnene. by loss of a 
lemunai carbon trom C-i cive a i3-caroon cnain as is shown on Scheme 2.1.
Table 2.1.2 shows the *-C-enrichments calculated using the normalization 
method by application of the same factor for all the signals in the spectrum of each 
enriched sample [2.1.11]. Although the experimental conditions were similar, a 
higher enrichment was observed for [ 2 - ^ c ] .  acetate incorporations. Also, similar to 
previous observations [2.1.11], the incorporations were not always of the same 
magnitude within a set of data, which is most likely due to randomization of label 
from ^C-labeled acetate via the tricarboxviic acid cycle.
In the exDenments with doubly labeled acetate the commercially available 
[ 1,2-^C ?]-ace ta te  contained 97% of l ^C isotopes. The NMR spectrum of 
acetate [ l,2 -^ C ?]-en n ch ed  thiarubrine A is shown in Fig. 2.1.6. The carbon 
signals derived from acetate units that were incorporated intact into the molecule 
appear as doublets due to the coupling (*-J 113c, I 3 c ° f  the two carbons of the 
former acetate units, flanking the center signals which represent the natural 
abundance *^C signals. The l^ C -l^ C  coupline constants (Table 2.1.2) indicated 
coupling between carbons 2 and 3. 4 and 5, 6 and 7, 8 and 9, 10 and 11. and 12 
and 13, which suggested that these previous acetate units were incorporated intact 
into me inoiecuie. dince caroon i iiiowea omv verv w e a n  sa te l l i te  signals it w as
concluded that this carbon is derived from an acetate unit that lost the adjacent 
terminal carbon. The weak C -1 satellite signals were attributed to the coupling 
between this carbon and C-2 which is detectable due to the significant l3C 
enrichment of C-2. Table 2.1.2 also provides inform ation about the relative 
incorporation of doubly labeled acetate. Here the percent relative incorporation was 
calculated by comparing the intensities of the satellite peaks with the signals for the 
natural abundance i3C, assuming that the natural abundance of this isotope is 1.1%. 
The results show that the average enrichment (excluding carbon 1) was 0.47%. The 
enrichment for carbon 1 is only 0.09% suggesting that the satellite signals of this 
carbon are due to a low intensity i c r . i i c  coupling or nuclei that are not derived 
from the same acetate precursor. These findings provide strong evidence that 
thiarubrine A is formed from fourteen-carbon precursors . which themselves might 
be derived from longer chain homologues. by the loss of a terminal carbon from C-l 
[2 . 1. 1].
Mass spectral data of natural and R c-enriehed thiarubrine A, shown in Table
2.1.3, clearly corroborates the NMR results. Significant peaks of up to [M+7] in 
acetate-[ [M+8] in acetate-[2-13C], and [M+12] in aceiate-(
enriched thiarubrine A were detected as expected according to the incorporation 
pattern predicted and observed.
The data presented above supports previous biogenetic proposals regarding 
the biosynthesis of thiarubrine A [2.1.1]. Also, the significant incorporation 
obtained in the different experiments outlined above reemphasize the great potential 
of hairy root cultures as a suitable medium for biosynthetic studies involving R e ­
labeled precursors.
2.1.3. EXPERIMENTAL
1H and 13C NMR Data.
The NMR spectra were acquired at 25° in CpD p on a Bruker AM 400 
spectrometer using a 5 mm inverse ^ H /^ C  probe with observation frequencies of
400.13 and 100.62 MHz, respectively.
Hairy Root Cultures.
Transtormeu roots, p :puiuriv Miown as hairv roots, were obtainea as 
descnbed previously [2.1.8]. Sodium acetate was added aseptically to the reactors 
on day k and fermentation continued for 4 weeks before the roots were harvested. 
The respective [ l - l3C]- , [2-l3C] and [ l ,2 - l3C2]-labeled acetate (0.4 g each) were 
added to the bioreactor containing the root cultures growing in 9 I of MS medium. 
Roots used for control experiments were grown for the same time period.
Extraction and isolation of unlaheled and l3C labeled thiarubrine A (1)
Root cultures of A, urtenuxtifolia (420 g of wet weight) were soaked in the 
dark in 1 I ot CH2CI2 for 24 hr. After suction filtration and evaporation ot the 
solvent in vacuo, the crude extract (1.11 g) was subjected to vacuum liquid 
chromatography < VLC) (2.1.12] in the dark using hexane and EtOAc mixtures of 
increasing polarity giving nine 50 ml fractions. The first two fractions contained a 
mixture ot sesquiterpenes ot which the major component was (l-bisaboiene followed 
by irans-p-bergamotene. The third fraction (12 me) was further chromatographed by 
dry column chromatography using hexane as solvent yielding 8 mg ot pure 
thiarubrine A.
Wet root cultures ot A. artemisiifoiia 1144.8g) fed with [1- ^C]-acetate were 
soaked in i 1 of CH2CI2 for 24 hr affording, after suction filtration, drying with 
CaCl? and evaporation of the solvent in vacuo, 0.312 g of crude extract. VLC of 
this extract using hexane and ElOAc mixtures of increasing polarity yielded nine 50 
ml fractions. Fraction 3 ( 7 mg) afforded, after dry column chromatography using 
hexane as a solvent, 3 mg of pure thiarubrine A.
Wet hairy roots of A. urtemisufolia i944 g) fed with ( 2 - -acetate were 
soaked for 24 hr in 1 1 of  C F bC b. The crude extract i2.1 g) was chromatographed 
by VLC using hexane and EtOAc mixtures of increasing polarity obtaining 9 
fractions ot 50 mi cacti. Fraction a -15 m 2 1 '•'• is turther  purified by CC to yieid 14 
mg of pure thiarubrine A.
Wet hairy root cultures of A. jrtetntsttfoha (452 g) enriched with [1.2- 
^ C 2]*acetate were soaked for 24 hr. VLC of the crude extract (1.36 g) yielded 9 
fractions of 50 ml each. Fraction 3 (50 mg) was purified using dry column 
chromatography in hexane to give 15 mg of thiarubrine A.
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Table 2.1.2. l3C-chemical shifts (100.6 MHz, Q*D$)t enrichments in acetate-[l- 
l3q - ,  acetate-[2-i3C]- and [1,2- 13CTJ- labeled thiarubrine A and 13C- 
13C coupling constants observed in acetate-[l,2- ,3C2]- labeled 
thiarubrine A.
Carbon 6(ppmj acetate-
[ l - u q
Percent
Enrichment
acetate-
[2- ‘3q
acetate-
[U2-L3C2]
2 j(» 3c - l3q
(Hz)
acetate-
[1,2-13C21
1 130.91 0.96 0.09 87.2
-> 115.88 0.01 0,52 89.8
3 85,76 0.41 0.42 89.8
4 74.21 0.24 0.31 160.9
5 82.08 0.19 0.45 160.9
6 78.21 0.61 0.44 101.4
7 112.10 0.27 0.61 101.4
8 136.67 0.07 0.41 59.5
9 132.67 1.13 0.39 59.5
10 1 19.06 0.36 0.50 99.6
11 77.74 0.42 0.61 99.6
12 98.12 0.09 0.50 67.4
13 4.28 0.74 0.45 67.4
Table 2.1.3. Ion intensities* in the molecular region of the mass spectra of natural abundance and acetale ( I - l3C ], acetate-[2- 
,3C]- and acetate-[ 1,2- ,3r j ]  enriched thiarubrine A.
Sample M*1 M*2 M+3 M*4 M '5 M*6 M ,? M** M*9 M+l° M *'2
Natural abundance 100 17.00 10.49 1.61 0.49
Acetatc-[ I-l3C] enriched 100 19.47 11.85 2.36 1.03 0.59 0.45 0 44
Acetate-[2-13q  enriched 100 17.93 10.55 1.91 0.61 0.43 0 1 9  0 31 0.35
Acetate-[1,2 l3C2] enriched 100 19.58 13.58 3.51 2.06 1.88 1.24 I 52 112 0.69 0.96 1.33 l . l l
'Molecular ion [M]* arbitrarily set to 100%.
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Figure 2.1.1. Broad Band »*C NMR Spectrum and DEPT 135° and DEPT 90“ Subspectra (CDCI3) of 
Thiarubrine A.
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SECTION 2.2
BIOSYNTHETIC STUDIES OF p-BISABOLENE AND P-TRANS- 
BERGAMOTENE IN HAIRY ROOT CULTURES OF AMBROSIA 
ARTEMISIIFOLIA USING 13C-LABELED ACETATES
2.2.1. INTRODUCTION
p-Bisabolene ( 1) is a common sesquiterpene that is found in the essential 
oils of a variety of plants including bergamot, lemon and wild carrot [2.2.1,2.2.21. 
P-trans-Bergamotene (2 ), most likely a biosynthetic derivative of p-bisabolene. is a 
constituent of Indian valerian root oil (Valeriana waltichi), lime, lemon and Indian 
marijuana and has also been isolated from Aspergillus fumigants, [2.2.3-2.2.7]. 
Both compounds are present in the roots of the common ragweed {Ambrosia 
anemtsiifolia) along with three other sesquiterpenes which were previously identified 
by GC-MS analysis f2.2.S].
( 1 ) ( 2 )
The biogenesis of p-bisabolene has been formulated as a cyclization ot trans- 
trans-famesyl pyrophosphate followed by an elimination reaction while fl-trans- 
bergamotene can be a derivative of (1) via cyclization of the bisabolyl cation (3) 
(Scheme 2.2.1). Alternatively, it can be formed by direct cyclization of trans-trans- 
tamesyl pyrophosphate via the bisabolyl cation as an intermediate [2.2.9].
To the best ot our knowledge, biosvnthetic studies of p-trans-bergamotene 
have not been previously performed except that the antibiotic ovalicin had been 
shown to have p-trans-bergamotene as a precursor. This was demonstrated by 
feeding [12,13-13C2]-labeled P-trans-bergamotene into Pseudorotium ovalis and
detecting the presence of l3C label on the expected positions of the isolated ovalicin 
[2.2.9.2.2.10].
Most earlier biosynthetic studies of sesquiterpenes reported in the literature 
involved feeding experiments with tritium or *4 C-labeled mevalonic acid (2.2.11- 
2.2.16]. The biosynthesis of other sesquiterpenes was performed with l3C-labeled 
precursors such as L3C-acetates [2.2.17] or 13C-labeled mevalonate [2.2.10]. 
Recently, the incorporation of [ l - l 3c]-, [2-l 3c]- and [1 ,2 - 1:*C2]-labeled acetates 
into P-famesene was successfully performed using hairy root cultures of Tagetes 
patula [2.2.18]. In this paper we report the results of our biosynthetic experiments 
with [ l - ^ C ] ,  [2 -^C ] ana (1,2-^C j]-acetates and their incorporations into p -  
bisabolene and p-trans-bergamotene in hairy root cultures of A. artemisu foha.
2.2.2. RESULTS AND DISCUSSION
‘H and NMR assignments o f P-trans-bergamotene
The assignments of the 1H NMR spectrum of P-trans-bergamotene were 
partially based on data obtained from the literature [2.2.3,2.2.9]. Complete 
assignments were derived from COSY experiments (Fig. 2.2.2), C-H correlation by 
HETCOR (Fig. 2.2.3) as well as COLOC NMR experiments (Fig. 2.2.4). The 
results of the *H NMR spectral assignments are summarized in Table 2.2.1.
Assignments of the *3C NMR signals of p-trans-bergamotene were achieved 
by application of ID and 2D NMR experiments [2.2.19,2.2.20]. Spectral comparison 
of DEPT 90° and DEPT 135° (Fig, 2.2.1) indicated that the signals at 6  17.58 (C- 
12). 18.61 (C -14) and 25.71 ( C - 13) are due to methvl grouns. This w a s  verified bv
C-H HETCOR and COLOC experiments. In three methinc signals appeared
at 6 38.73,20.25 and 125.18. on shift considerations. the downneld
absorption at 6 125.18 was ■— to C-10. Cotrelation of the other two signals 
with 13C NMR spectral assignmenis of the structurally related bicyclic monoterpene 
(J-pinene (2.2.19] revealed that the absorptions at 6 38.73 and 50.25 were due to C-l 
and C-5, respectively. The DEFT 135° l3C NMR spectrum exhibited six methylene 
absorptions at 6 23.54 (2 carbons), 23.79, 27.16, 38.26 and 106.0Z The downiield 
signal at 6 106.02 could be unambiguously assigned to the olefinic C -l5 based on 
chemical shift considerations but the other rive assignments required more detailed 
studies involving HETCOR ana COLOC experiments, the results being summarized 
in Table 2.2.1.
The remaining three signals in the broad band l3C NMR spectrum of p-trans- 
bergamotene at 6 43.82, 131.07 and 152.16 are due to the three quaternary carbons 
in the molecule. Since C-7 represents the only eliphe«g (sp3) quaternary carbon in the 
molecule, chemical shift considerations require that the signal at 6 43.82 is due to C- 
7. The assignment of C-4 was based on spectral comparison with the analogous 
carbon in (S-pinene (2.2,19] and verified by COLOC experiments.
Complete assignments of the 13C signals of 0-bisabolene had been previously 
reported [2.2.20].
Biosynthetic studies
Hairy root clones of A. artemisiifolia were grown for four weeks in 
bioreactors and the labeled acetates were added aseptically one week after 
inoculation. P-Bisabolene (1) and P-trans-bergamotene (2) along with thiarubrine 
A, were isolated from the dichloromethane extract of the root cultures.The NMR 
spectra of unlabeled acetate, acetate-(l-l3C]-and xcetate-(2-^C]-enriched (J- 
bisabolene are shown in Fig. 2.2.5. For the [ i - l 3 C]-enriched (J-bisabolene 
-pcctrum. :lic intensity of the i3C signals were normalized [2.2.21] by setting the
3 6
carbon 2  signal equal to the intensity of the corresponding carbon signal in the 
spectra of the unlabeled p-bisabolene. This was based on the biogenedc assumption 
that this carbon intensity does not significantly increase during 13C incorporation by 
feeding acetate-[l-^C ] [2.2.21]. The same procedure was used for the spectra of the 
acetate-[2- 13q_enriched p-bisabolene, but in this case the signal for carbon 5 was 
chosen as a reference signal. This procedure allowed for visual comparison of the 
relative intensities of the peaks thus deriving the magnitude and the position of the 
incorporation. A cetate-[l-13c]-enriched p-bisabolene showed enhanced 
signals for carbons 2,4,6 ,7,9 and 11, while acetate-[2-13c]-enriched p-bisabolene 
exhibited enhancements of carbon signals 1,3,5,8,10,12,13,14 and 15 (Fig. 2.2.5, 
Table 2 .2 .2 ). These results are in agreement with the pathway shown in Scheme 
2 .2 .1  which involves initial transformation of three mevalonic acid moieties into 
trans-trans-famesyl pyrophosphate (FPP) followed by cyclization to p-bisabolene. 
Similar results were observed with p-trans-bergamotene. In this case carbons 
2,4,6 ,7,9 and 11 showed signal intensity enhancement in the 13C spectrum of the 
ace ta te -[l-13c]-en riched  sample. Carbons 1,3,5,8,10,12,14 and 15 showed 
enrichment in the I3C spectrum of the acetate-[2-13c]-enriched p-trans-bergamotene 
(Fig. 2.2.6, Table 2.2.3). The incorporation patterns observed agree with the 
biogenetic pathway proposed in Scheme 2.2.1.
Tables 2.2.2 and 2.2.3 show the respective calculated 13c-enrichments f0r 
p-bisabolene and p-trans-bergamotene using the above mentioned normalization 
method [2.2.21]. Also, similar to previous results [2.2.22], the incorporations were 
not always of the same magnitude within a set of data.
In the experiments with doubly labeled acetate the commercially available 
[ 1 . 2 - 1 3 0 ]  -acetate contained greater than 97% o f * 3 c  isotopes. The 1 3 c  NMR  
spectrum o f acetate [l,2-^3C2]-enriched p-bisabolene and P-trans-bergamotene are 
shown in Fig. 2.2.7 and Fig. 2.2.S, respectively. The carbon signals derived from
acetate units that were incorporated intact into the molecule appear as doublets caused 
by the coupling of the two acetate carbons, in the center of which the signal for the 
natural abundance appears. The ^ C - l^ C  coupling constants of P-bisabolene 
(Table 2.2.2) showed that carbons 1 and 6 , 2 and 3, 4 and 13, 7 and 14, 9 and 10 
and 11 and 12 were incorporated intact into the molecule. In the experiment with p- 
trans-bergamotene it was not possible to determine the coupling constant for carbons 
2 , 3, and 9 due to overlap of the satellite signals. The coupling constants of carbons 
5 and 6 , 4 and 15 and 11 and 12 (Table 2.2.3) reveal that these carbons were 
incorporated as pan of an intact acetate unit into the molecule. Carbons 7 and 14 
show coupling constants slightly different, but since C-7 is a quaternary carbon it 
was not possible to determine the exact coupling constant for this signal. Tables 2.2.2 
and 2.2.3 also give the values for the relative incorporation of doubly labeled acetate 
into p-bisabolene and P-trans-bergamotene respectively, Here, the percent relative 
incorporation was calculated by comparing the intensities of the satellite peaks with 
the signals for the natural abundance 13C*absorptions, assuming that the natural 
abundance of this isotope is 1. 1%. The results show that the average enrichment was 
1.34% for p-bisabolene and 1.45% for p-trans-bergamotene. C-5 and C -8 in p- 
bisabolene and C -8  in p-trans-bergamotene show unexpected satellite bands with 
coupling constants in the range of aliphatic 13C -13C couplings, but the intensities of 
these incorporations are well below the average enrichment produced by the 
incorporation of intact acetate units.
Mass spectral data of natural and 13c_enriched p-bisabolene and P-trans- 
bergamotene shown in Tables 2.2.3 and 2.2.4 clearly corroborates the NMR results. 
Significant peaks of up to [M+6 ] in acetate-[l-I3C], [M+9) in acetate-{2-> JC], and  
[M+12] in acetate-[l,2 -13C2]-enriched p-bisabolene and P-trans-bergamotene were 
detected as expected according to the incorporation pattern predicted and observed.
38
The data presented above supports the biogeneric proposals regarding the 
biosynthesis of p-bisabolene and p-trans-bergamotene. The co-ocuirence of these 
two compounds in the roots of A. artemisnfolia  suggests that they both have a 
common biosynthetic precursor (trans-trans-famesyl pyrophosphate) or that the 
fanner is the biosynthetic progenitor of the latter. Unambiguous determination of the 
biosynthetic steps toward p-trans-bergamotene will have to involve specifically R e ­
labeled mevalonic acids and p-bisabolene instead of acetate.
The significant incorporation of l 3 C-labeled acetates in the different 
experiments reemphasizes the great potential of hairy root cultures as a suitable 
medium for biosynthetic studies of plant root constituents involving i-^C-labeling 
experiments.
2.2.3. E X P E R IM E N T A L
1 H and H e  NMR Data.
H ie NM R spectra were acquired at 25° in CD Cl 3 on a Bruker AM 400 
spectrometer using a 5 ram inverse ^ H /^ C  probe with observation frequencies of
400.13 and 100.62 MHz, respectively.
Hairy Root Cultures.
T ransform ed roots, popularly known as hairy roots, were obtained as 
described previously [2.2.22]. Sodium acetate was added aseptically to the reactors
on day 8 and fermentation continued for -I ueeks before the roots were harvested.
The [ l- i3q - ,  [2-13q -  and [l,2*13C2]-labeled acetate (0.4 g each) were 
added to the bioreactor containing the root cultures growing in 9 liters of MS 
medium. Roots used for control were grown for the same time period.
Extraction and isolation o f unlabeled and t3C- labeled p-bisabolene and P-trans- 
bergamotene.
Root cultures of A. artemisufolia (420 g of wet weight) were soaked in the 
dark in 11 of CH2 Q 2 for 24 hr. After suction filtration and evaporanon of the 
solvent in vacuo, the crude extract i l . i l  gj was subjected to vacuum liquid 
chromatography (VLC) [2.2.23) in the dark using hexane and ethyl acetate mixtures 
of increasing polarity yielding nine 50 mi fractions. Fraction 1 (380 mg) was further 
purified by thin layer chromatography producing 3  fractions the first one of which 
(8 6  mg) was chromatographed on an AgN0 3  impregnated silica-gel plate with a 
mixture of Hexane:EtOAc (19:1) as eluent. The more polar band yielded 13 mg of 
pure P-trans-bergamotene. The 1 ess polar band contained 24 mg of pure 0 -  
bisabolene.
Wet root cultures of A. artemisufolia (144.8g) fed with [ l - l ^ q - a c e t a t e  were 
soaked in 1 1 of CH2 CI2 for 24 hr. After suction filtration, water elimination and 
evaporation of the solvent in vacuo 0.312 g of crude extract were afforded. VLC of 
this extract using hexane and EtOAc mixtures of increasing polarity yielded nine 50 
ml fractions. Fraction 1 (30 mg) was further purified by thin layer chromatography 
producing 3 fractions the first of which (13 mg) was chromatographed on an AgNC>3 
impregnated prep, silica-gel plate with a solvent mixture of hexane:EtOAc (19:1) as 
eluent. The more polar band yielded 6  mg of p-trans-bergamotene along with some 
impurities while the less polar band contained 4  mg of pure p-bisabolene.
Wet hairy roots of A. artemmifolia (944 g) fed with [2-13C]-acetate were 
soaked for 24 hr in 1 1 of CH2C12- The 2.1 g of extract obtained were 
chromatographed by VLC using hexane/EtOAc mixtures of increasing polarity 
obtaining 9 fractions of 50 ml each. Fraction 1 (207 mg) was further purified by 
prep. TLC producing 3 fractions the first one of which (50 mg) was 
chromatographed on an AgN(>3 impregnated silica-gel plate with a mixture of 
hexane:EtOAc (19:1) as eluent. The more polar band yielded 9 mg of p-trans-
bergamotene along with some impurities while the less polar band contained 9 mg of 
pure p-bisabolene.
Wet hairy root cultures or A. artemisufolia 1452 g) enriched with [ 1,2 - 
acetate were soaked for 24 hr. yielding 9 fractions of 50 ml each. Fraction 1 (50 mg) 
was further purified by prep. TLC producing 3 fractions, the first one of which (37 
mg) was chromatographed on an AgNC>3 impregnated silica-gel plate with a mixture 
of hexane:EtOAc (19:1) as eluent. The more polar band yielded 3 mg of pure 0- 
trans-bcrgamotene while the less polar band contained 17 mg of pure p-bisabolene.
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Table 22  I Results of DEPT 135*, DEPT 90*, C-H Correlation and COl OC NMR experiments (CDCI3) on 
P-trans-bergamotene (2).
arbon Broad Band 
(6 , ppm)
DEPT 135* 
[CHACH3(+)
c h 2(-)|
DEPT 90* 
(CH only)
C-H
Correlation
COLOC
1 38.73 38.73(+) 38.73 2.05 0.71
n 23.54 23.540 I 83 1.41,1.43
3 23.54 23.54(-) 1.83 4 55
4 152.16 1.41,1.43
5 50.25 50.25( + ) 50.25 2.53
6 27.16 27.16(-) 1 41,1.43
7 43.82 1 41,1.43
8 38.26 38.260 1 95
9 23.79 23.790 1 60
10 125.18 125 18(>) 125 18 5 14
11 131.07 1.70,1.62
12 17.58 17.58( + ) 17.58 1.62
13 25.71 25.71(+) 25.71 1.70 1.60
14 18.61 1 8 .6 1 (+) 18.61 0.71
15 106.02 106020 4 55,4 63
Table 2.2.2 13C-chemicai shifts (100.6 MHz, CDCI3), enrichments in acetate-
[ l - l3C]-, acetate-[2 - l3C]- and [ 1,2 -13C2]- labeled p-bisabolene and 
l3C-13C coupling constants observed (V  ) in acetate-{l,2 - 13C2]- 
labeled p-bisabolene.
Percent
Enrichment
Carbon 5(ppm) acetate- acetate- acetate- V  (13C-13Q
[l-l3q  [2  -»3n  t l , 2 - 13Qz] (Hz)
1 39.78 1 .1 2 1.03 33.2
■*» 31.47 1.11 1.41 41.2
3 1 2 0 .6 8 2 .1 1 1.93 41.2
4 133.77 1.36 1.69 43.5
5 30.73 0.58 0.49 35.2
6 2836 0 .8 6 1.39 33.2
7 154.70 0.93 1.35 71.7
8 34.98 0.78 0.45 38.8
9 26.91 0.73 1 .0 2 43.8
10 123.91 2.38 1.30 43.8
11 132.10 0.65 — 42.0
12 17.77 1 .01 1.75 42.0
13 25.72 0.08 0.42 44.3
14 106.54 5.61 2.36 71.7
15 23.41 2 .1 1 2.13 43.5
Tabic 2.2.3. ,3C-chemjcal shifts (100.6 MHz, CDCI3), enrichments in acetate-[ 1-
13C]-acetate-[2-13Q - and [ 1,2 - 13C2]- labeled P-trans-bergamotene and
13C-13C coupling constants observed in acetate-[ 1,2- 13Ct]- labeled P- 
trans-bergamotene.
Carbon 5 (ppm) acetate-
[ i - i3 q
Percent
Enrichment
acetate-
[2 -i3 q
acetate-
11,2-»3C2]
2 / (»3C-*3Q  
(Hz)
acetate-
[l,2 -l3C2]
1 38.72 1.31 1.25 32.7
T 23.52 2.46* 2.08*
3 23.77 1.80 0.74
4 152.15 ; ,09 1.95 72.5
5 50.23 0.71 1.38 27.8
6 27.14 3.03 1.55 27.8
7 43.80 9.55 1,40* 35.1*
8 38.25 1.90 0.76 35.5
9 23.52 2.46* 2.08*
10 125.17 1.37 1.59 43.7
11 131.05 2.95 41.7
12 17.56 2 .2 1 1.89 41.7
13 25.69 1 .8 6 0.52 38.7
14 18.58 1.60 2.43 38.6
13 106.00 1.72 2.80 72.5
* Intensity calculated for both signals 2 and 9.
' Ambiguous calculation or coupling constant due to sm all satellite signals. 
Incorporation calculated using only one satellite signal and doubling its value.
I able 2.2 4 Imi intensities* in the nioleculai n gum ut lltc muss spectra of natural abundance and acctalc-[ I 1 JC |, ucciaie |2  * Jt 'j
and acetate-[ 1 , 2 - * | enriched |l bisalxilene.
Sample M ' M ’ l M ’ ' M * ' M*4 M*5 M ,(’ M ' ' M ' h M"* M *10 M *11 M " 2 M "
Natural abundance 100 t o n / 1 2 ‘» 0.20
Ac elate f 1 1 '] curiclied 11)0 1(».75 1 ( 0 50 0.33 0  38 0.21 0 J 1
Acetate [2 * enriched 100 18 31 •1 ^8 I 85 1.98 1 49 0 05 0 5 H 0 85 0 47 0 53
,Alelate [1,2 1 *( ’| ciniched 100 20 78 1 8 / 2.5(i 1 .86 1.27 0 7 0 I) 5o 0 15 0.33 0 25 0 15 O il 0 74
‘Molecular ion {M]t arbitrarily set to 100%.
Table 2 . 2 , 5  I o n  intensities* in the molecular r e g i o n  o f  the mass spectra o f  natural abumlauce and acetaie-fl-^C ], acelate-(2-1JC)
and acetate*(l,2-13C2] enriched (Itrans-bergamotene.
Sample M* M" M - M*4 M'5 M ' J M'* M*9 M*10 M *'1 M*12 M 'u
Natural abundance 100 16.55 1.48
Acetale-[ 1 -13C| enriched 100 18.61 6 04 2.74 2.35 1.63 1.09 1.84
Acetate [2 * N | euriclied 100 19.74 3 04 1.14 1.18 0 76 0.70 11 1
Acetate-[1,2 1 -*t ’] enriched 100 18.74 6 04 2.17 1.26 1.31 1.03 117 I 13 0.89 0.86 0.68 0.62 0.41
‘Molecular 1011 |M~] * arbitrarily set to 100%.
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SECTION 2.3
ATTEM PTED BIOSYNTHETIC STUDIES O F ROOT 
CONSTITUENTS O F GAILLARDIA PU LCH ELLA  USING 
l 3 C-LABELED ACETATES
2.3.1. INTRODUCTION
The roots of Gaiiiardm pulcheUa had been previously found to contain the very 
common pentaynene (i), its biogenetic thioether derivative (2 ), and the sulfur derivative 
terthienyl (3) [2.3.1,2.3.2 ]. In an attempt to study the biosynthesis of these compounds, 
hairy root cultures of Gaillardut puichella were grown to which labeled acetates were 
added during the growing period. The chemistry of the hairy roots proved to be different 
from the wild plant, showing mainly the presence of the thymol derivatives (4) and (5), 
and the diepoxy-suifone (6 ). The two thymols (4) and IS) had been previously found in 
the roots of G. ansuua [2.3.31, while the diepoxy-suifone has been reported to be present 
in the roots ot G. drumanau. G. iuiea, G. unstata, G. amblvodon and G. laneoiata 
[2.3.1.2.3.21.
The essential oils of several members of the genus Thymus are widely used in 
folk medical practice as sudorific and diuretic agents and sedatives in diseases of the 
respiratory tracts. They are applied also as lotions and ointments in cases of acute 
rheumatism and various sldn diseases. The essential oil of these plants contained 
considerable amounts of phenols consisting mainly of thymol and carvacrol 
[2.3.4.2.3.51. Pure thymol is also used for destroying mold and herbarium parasites, 
preserving anatomical specimens and urine, and for the prevention of mildew growth and 
as an antimold for paper [2.3.6]. To the best of our knowledge, no studies have been 
done on the biological activity or the biosynthesis of the two thymol derivatives (4) and 
(5).
Certain acetylenic sulphones have been found to possess strong anti fungal 
activity. It appears that the mechanism of action is b»s*d on a reaction of the compounds 
with the nucleophiles present on the fungal cells [2 .3 .8 ].
The biosynthesis of (2) has been established by incorporation of labeled 
pentaynene (1) into (2) [2.3.7]. Biogenetically, compound (6 ) is believed to be an 
oxidation product of (2) [2 .3 .1].
1As a continuation of our biosynthetic studies using hairy root 
cultures, we fed l3C labeled acetates into hairy roots of Gpuichella in order to study the 
biosynthesis of these compounds using N M R.
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2.3.2 RESULTS AND DISCUSSION
■ -’C NMR assignments o f 7-isoburyryioxyihymoi isoburyrate and 7-isobur\'ryioxy-8,9- 
dehydro epoxythymol isoburyrate.
The assignment of the lH NMR signals of 7-isobutyryloxythymol isoburyrate 
(4) has been reported in the literature [2.3.3] and it was confirmed by us on the basis of 
chemical shift considerations, C-H correlation (HETCOR) . and multiple decoupling 
experiments.
The proton decoupled *-C NMR spectrum of ~-isobutyrvloxvtnym oi 
isoburyrate (4) showed 13 signals generated by seventeen carbons. The multiplicity of 
the proton-oearing carbons was determined using DEPT experiments (Fig. 2.3.1V With 
this imormation it was possible to unequivocally assign the signal at 6  65.61 to the CH2 
group (C'7) The methyl signals at 6  18.90 and 27.72 accounted for the six methyl 
groups of the molecule. The meihine signals at 6  122.31 and 126.25 are due to the 
aromatic methines C-5 and C-6 . The signals at B 27.22. 33.95 and 34.18 accounted for 
carbons 8 . 2' and 2". Although the signal at 27.22 most probably belongs to C-8 , this 
could not be confirmed with these exoenments alone. Using the imormation provided by 
the 2 D correlation iHETCOR) shown in Fig. 2 .3 .2 . the signal at 5 122.31 was
assigned to C-5. The corresponding signal (H-5) shows coupling only to one 
neighboring proton and it does not show the J /  j  -coupling expected for H-6  and H-2. 
Therefore, the remaining aromatic signal at 6  126.25 was assigned to C-6  and C-2.
To unambiguously assign the rest of the signals, a series of selective INAPT 
experiments (Fig. 2.3.3) was performed by selectively saturating individual proton 
resonances that cause polarization transfer of carbons separated by two. three and four 
bonds, resulting in selected appearances of these carbon signals. The delays D2 and D3 in 
the pulse sequence tor Jc h  of 6 -10 Hz were optimized.
Selective saturation of the CH? signal at 2.02 (2H-7) resulted in resonances at 6 
126.25. 134.00 and 176.79 in the carbon spectrum. The absorption at 6  126.25 must be 
due to rwo overlapping signals (C-2 and C-6 ) which supports the above assignments for 
C-2 and C-6 . The signal at b 176.79 was assigned to the carbonyl C-l" while the signal 
at 6  134.00 was assigned to C-1. Selective irradiation of H-2M at 6  2.53 gave rise to a 
signal at & 176.79 confirming the assignment for C-l". The remaining carbonyl in the 
molecule was therefore assigned to the only other downfield signal at 6  175.49 in the 
carbon spectrum (C-H. This was confirmed when the proton at 6  2.77 was
irradiated producing the enhancement of the signal at b 175.49. Finally when the H-8 at b 
2.95 was irradiated, significant enhancement of the signal at & 140.21 was produced, so 
it was assigned to C-4. The remaining aromatic signal at 6  147.93 was assigned to C-3. 
The rest of the assignments were based on C-H correlation data. A summary of the results 
of these experiments is presented in Table 2 .3 .1 .
The assignment of the 13C NMR signals of 7 -isobutyry loxy-8,9-dehydro-8,9- 
epoxythymol isobutyrate was performed using the data obtained for the related thymol 
described above as well as HETCOR C-H correlation (HETCOR) experiment shown in 
Fig. 2.3.4 and the lH NMR information provided in the literature [2.3.3].
Assignments of the proton-beanng 13C NMR signals of the diepoxysulfone was 
performed using a C-H correlation (Fig. 2.3.5) and DEPT 135° NMR experiments (Fig. 
2.3.6). *H NMR data for this compound was obtained from the literature [2.3.2].
Biosynthetic Studies
Hairy t o o t  c lo n e s  o f  G. puicheda w e r e  g r o w n  f o r  f o u r  w e e k s  in  b io r e a c to r s  a n d  
th e  l a b e l e d  a c e t a t e s  w e r e  a d d e d  a s e p t i c a l l y  o n e  w e e k  a f t e r  i n o c u l a t i o n .  ~  -  
Isobutyryloxythymoi i s o b u t y r a t e  a n d  7 - i s o b u t y r y l o x y - 8 , 9 - d e h y d r o e p o x y t h y m o i
isobutyrate along with 1,7-diepoxy-8 -methylsulfone-tridecatetrain (3,5,9,10) were 
isolated from the dichlotomethane extract of the root cultures.
The l^C NMR spectra of unlabeled acetate, acetate-{ 1 - 1 ^ C] and acetate-[2-13(7]- 
enncneti 7-isooutyryloxythymol isobutyrate (4) and 7 -isobutyry ioxy-8 ,9- 
dehydroepoxythymol isobutyrate (5) are shown in Fig. 2.3.7 and 2.3.8 respectively. 
Inspection of the I3C NMR spectra indicated no significant incorporation of l3C-labeled 
acetates into the thymol derivatives (4) and (5), Furthermore, mass spectral data of the 
supposedly 13(7-enriched samples gave no indication of 13c incorporation.
The 13c  NMR spectra of unlabeled acetate and acetate-[ 1-1 3c]-enriched 
diepoxy-suilone iFig. 2.3.91 also revealed no *3(3 incorooration in this poiyacetvlene.
2.3.3. EXPERIMENTAL
l Hand I3C NMR Data.
The NMR spectra were acquired at 25° [in CD Cl 3 for the two thymol derivatives 
(4) and (5) and in for the diepoxy-sulfone (6 )] on a Broker AM 400 spectrometer 
using a 5 mm inverse 1 H/l^C probe with observation frequencies of 400.13 and 100.62 
MHz. respectively.
Hairy Root Cultures.
Transformed roots, popularly known as hairy roots, were obtained as described 
previously [2.3.8], Sodium acetate was added asepticallv to the reactors on day 8 and 
fermentation continued for 4 weeks before the roots were harvested. In the experiments
with l l ,2 - ^ C 2]-acetate and (2 -^c]-acetate the roots were harvested two weeks earlier 
because of bacterial contamination. ( l - l3C]-labeled acetate (0.4 g) was added to the 
bioreactor containing the root cultures growing in 9 liters of MS medium. For the [1,2-
I labeled acetate, 0.2950 g were used. Roots used for control were grown for the 
same period.
Extraction and isolation of unlabeled and i3C- labeled 7-isobutyryloxythymol 
isobutyrate (4) and 7~isobutyryloxy-8,9-dehydroepoxythymol isobutyrate (5) and 1.7- 
diepoxx-8-methylsulfon-trtdecatetratn-t 3,5.9,11).
Root cultures of C. puiciieila 177 g of tin' maienai) were soaked in the dark in
II of CH2 CI2 for 24 hr. After suction filtration and evaporation of the solvent in vacuo, 
the crude extract (1.50 g) was subjected to vacuum liquid chromatography (VLQ [2.3.9] 
in the dark using hexane and ethyl acetate mixtures of increasing polarity yielding eight 50 
ml fractions. Fraction 2 (188 mg) was purified using reverse phase liquid 
chromatography with acetottitrile as eluent. This procedure yielded 167 mg of pure 7- 
isobutyryloxythymol isobutyrate. The same purification procedure was used to isolate 
315 mg ot 7-isobutyrytoxy-8,9-dehydro-8,9-epoxvthymol isobutyrate from fraction 3 
(344 mg;. Fraction 4 (175 mgj contained some crystals compound that was further 
purified by recrystallization in EtOAc. The *H NMR spectrum of this compound and its 
mass spectrum (M.W.- 412) suggested that it was a steroid. X-ray analysis identified 
this compound as srigmasterol.
The NMR spectrum of fraction 6  (39 mgj revealed the presence of 1.7- 
diepoxy-8 -methylsulfone-tridecatetrain-( 3,5,9,11). Dry column chromatography using a 
mixture of hexane:EtOAc (1:1) afforded 4 fractions of 20 ml each of which the second 
one yielded 6  mg of the above mentioned diepoxysulfone (6).
Tabic 2.3 1 Results of DEPT 135*, DEPT 90*. C-H Correlation and INAPT NMR experiments (CDC13) on 
7-isobutyryloxy thymol isobutyrate.
Carbon Broad Band
(6 , ppm)
DEPT 135*
fCH&CHj(+)
CH2(-)J
DEPT 90*
(CH only)
C-H
Correlation
INAPT
•h  ir r a d
1 134.04 5.02
2 126.25 126,25(+) 126.25 7.20 5.02
3 147.93
4 140.21
5 122.31 122.31(+3 122.31 6.89
6 126.25 126.25(+) 126.25 7 11
7 65.61 65.6K-) 5.02
8 27.22 27.22(+) 27.22 2.95 2.95
9 22.72 22.72(+) 1.55
10 22.72 22.72( + ) 1.55
1* 131.07
2 ' 34.18 34.18(+) 34.18 2.77 2.77
3' 18.90 18.90(+) 1.27
4' 18.90 18.90(+) 1.27
1" 176.79 2.53,5.02
2 " 33.95 33.95{ + ) 33.95 2.53
3" 18.90 18.90 1.09
4 " 18.90 18.90 109
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Figure 2.3.1. Broad Baird I3C NMR Spectrum and DEPT 135° and DEPT 90° Subspeclra (CDCI3) of 
7-IsobutyTyloxyihymol Isobutyrate.
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CHAPTER 3
PH YTOCHEM ICA L SCREENING O F M EM BERS O F THE 
FAM ILY M AGNOLIACEAE
3.1. INTRODUCTION
Magnolias are a major component of various plant communities throughout 
the world, particularly the northern hemisphere. They form part of several types of 
pine-hardwood communities in the southeastern United States [3.1-3.3]. Members of 
this family are rich in a wide variety of biologically active compounds including 
sesquiterpene lactones, lignans. neolignans and alkaloids. Many of these plants have 
a long history of use in folk medicine and for this reason they have attracted a great 
deal of interest with respect to structure determinations of their biologically active 
principles for their potential use as pharmaceuticals or agrichemicals. A common 
sesquiterpene lactone, parthenoiide (1) ,  which is a major constituent of leaves of M. 
grandiflora  [3.4], is currently being investigated for its economic use for the 
prophylactic treatment of migraine headaches. This compound and the closely related 
dihydroparthenolide (DHP) (2), stimulate germination of witchweed (Striga  
hermonthica  and S. asiatica), a root parasitic weed of major food crops like 
sorghum, com,wheat and sugarcane, at concentrations of 1 0 " 7 to 10"’ M.
Magnoiol (3) and honokiol (4), among other lignans that have been tound 
in the bark and leaves of several species of Magnoiia, are effective in the treatment of 
dental caries. A number of biologically active alkaloids such as yuzirin (5), 
elmerillicin (6 ) and micheilanugin (7 ) and many other compounds with recognized 
pharmaceutical potential have been isolated from members of this family [3.4-3.22].
This wide variety and abundance of active constituents provide a 
tremendously rich pool for potentially active compounds and for this reason we 
investigated the chemical constituents of several regional species of the genus 
Magnoiia.
3.2. RESULTS AND DISCUSSION
Phytochemtcai study o f Magnoiia virginiana
The toots of M. virgiruana were repotted to comsin the lignan magnolol (3)
while the floral odots had been reported to be due to mono and sesquiterpenes
[3.231.
Extensive cnromatogtapny of the dichloromeihane-soluble extract of the 
leaves ot M. virgtniana afforded as major productsthe sesquiterpene lactones 
parthenoiide ( 1), cosrunalide (8 ) and 3.14-dehydromagnogrendiolide (10) and the 
sesquiterpene y-lactol cosnmolactol (9). Patthenolide (1) and cosnmolide (8) are
known sesquiterpene lactones [3.4] while 4 ,14-dehydroTnagnograndiolide (10) and 
costunolactol (9) are new compounds. Compound (I) crystallized from chloroform 
as colorless needles; the mass spectrum gave a molecular ion at itt/z 248 consistent 
with the molecular formula C 15H2 0O3 . The NMR spectrum (Fig. 3.1) exhibited 
diagnostic methylene protons of an a, 0-unsarurated-y-lactone at 6  5.62 (d , 3.2 Hz) 
and 6.32 (d , 3.2 Hz) and a doublet of a doublet at 5  3.85 corresponding to the 
lactonic proton H*6 . Two three-proton singlets, one corresponding to a methyl group 
attached to an olefimc carbon and one at an oxygen-bearing carbon, and a doublet at 6  
2.78, characteristic of a proton on an epoxide functionality, suggested an epoxidized 
germacranolide, the spectral features being consistent with the structure of 
parthenoiide. Comparison of the NMR spectre of (I) with the lH NMR spectra of an 
authentic sample of parthenoiide confixmed the structural identity.
Compound (8 ) also showed NMR spectral patterns (Fig. 3.2) 
characteristic of a sesquiterpene lactone. It contained the two doublets corresponding
to the exocyclic methylene of an a. P-unsamrated-y-lactone at 6  5.52 (d . 3.1 Hz) 
and 6.26 (d , 3.1 Hz), a doublet of a doublet centered at 6  4.64 and two vinyl methyl 
groups at 6  1.42 and 1.69. Two olefinic protons appeared as multipiets near 6  4.7 
and 4.8. The above *H NMR data and the mass spectrum with a molecular ion at m/i 
232 were consistent with the structure of cosomolide. which was confirmed by *H 
NMR spectral comparison of (8) with an authentic sample of cosnmoiide.
Castunolactol (9) showed IR absorptions at 3391 and at 1690 cm ' 1 (O C ) 
typical of hydroxyl and double bonds, respectively. The mass spectrum revealed a 
molecular ion at m/z 238 consistent with the formula C 15H2 2 CH. The 1H NMR 
spectrum (Fig. 3.3) was similar to the stjecmun of costunoiide 12). excem for the 
presence of the broad singlet at 6  5.80 and the upricld shift and smaller coupling 
constants of the signals for the corresponding exocyclic methylene protons Hi 3a and 
H i3b- This finding along with the absence of a carbonyl signal in the l3C NMR 
spectrum (Fig. 3.4) and the appearance of a methine signal at 6  100.23 as shown in 
the DEPT 90° and 135° NMR experiments (Fig. 3.5) suggested the possibility of a 
lactol group (C-12) replacing the carbonyl functionality in costunoiide. In order to 
confirm this structure, acetyladon of the lactol hvdroxvi was performed using acetic 
anhydride and dimethylaminopyridine. The ‘ H NMR spectrum of the reaction 
product showed a signal at 6 2.15 characteristic of an acetyl functionality. 
Unambiguous evidence was provided by oxidation of the lactol group with 
pyndinium chiorochromate (PCC). The lH NMR spectrum of the reaction product 
was identical with that of costunoiide (8 ) thus confirming structure, stereochemistry 
and conformation of (9) except at C-12.
The stereochemistry of the chiral center C-12 was established tentanveiy on 
the basis of in-situ derivatizaticn with trichloroacetyl isocyanate (TAD [3.24). The 
signal of H-5 was shifted from 6  4.63 to 6  4.70 due to the deshielding effect of the 
TAC acyl group while the signal of H - 6  remained unaffected after 24 hr. Shift data
7 9
strongly suggested an a-orientation of the C-12 hydroxyl group. To further confirm 
this observation, H- 6  was irradiated in a NOE difference experiment showing no 
effect on H-12.
Complete assignments of the *H and 13C NMR spectra of cosrunolactol (9) 
were carried out using a 2D correlation experiment iCOSY-45) (Fig. 3.6)
and a C-H correlation experiment (HETCOR) (Fig. 3.7).
The C-12 p-epimer of compound (9) and its methoxy derivative were also 
detected as minor components by *H NMR analysis of more polar fractions of M. 
virgimana.. We also found spectroscopic evidence for the presence, as very minor 
constituents, of two lactol epimers with strucural features closely related to 
parthenoiide (1). Tne co-ocurrence of sesquiterpene lactols and their structurally 
related sesquiterpene lactones in the leaves of M. virginiana suggests that lactols 
might be involved in the biosynthesis of lactones, possibly representing the ultimate 
precursor as outlined in Scheme 3.1.
Another new sesquiterpene lactone was found as a minor constituent of M. 
virginiana. After column and thin layer chromatography, high pressure liquid 
chromatography (HPLC) allowed separation and purification of compound 10 which 
we named 4,14-dehydromagnograndioiide. The IR spectrum of this compound 
exhibited bands at 1750 and 1662 cm *1 typical of an a,p-unsaturated y-lactone, 
and also showed a broad band at 3490 cm*1 indicating the presence of a hydroxyl 
group. Further evidence was provided by the 13C NMR spectrum of lactone 10 
which showed two signals at 6  74.61 and 82.33 for carbons bearing oxygen atoms. 
The latter was assigned to a carbon bearing the lactonic oxygen and the former to a 
carbon bearing a hydroxyl group. These features and the mass spectral peak at m/z 
230 suggested that this compound was a tertiary alcohol which can easily undergo 
dehydration. The combined spectral data required the molecular formula C 15H20O3 . 
The *H NMR spectrum (Fig. 3.8) showed signals which suggested a guaianolide-
type sesquiterpene lactone with two exocyclic methylene functions. This was further 
confirmed with the 2D lH-lH correlation experiment (COSY-45) shown in Figure
3.9. H-5, which is coupled to the lactonic H-6 , is also coupled with H -1, which 
gives evidence of the bicyclic structure. The rest of the proton signals showed the 
expected couplings according to the structure proposed. The stereochemistry of the 
hydroxyl group over C-10 was tentatively assigned to be a  by spectral comparison 
with the structurally related compound magnograndiolide (IOA in Scheme 3.2) [3.9] 
and on the basis of the biogenetic consideration that this guaianolide skeleton is 
produced via a nucleopnilic attack of a water molecuie at carbon-i of parthenoiide 
(1) inducing the intramolecular cyciizanon as shown in Scheme 3.2. The approach of 
the nucleophile has to be from me outer face of the medium ring conformation 1A to 
produce the guaianolide intermediate 10A which upon loss of water gives lactone
10
‘  /  vo 
HOOH
Scheme 3.1
oOH
OH
( OHH O
(I A) ( 10A) (10)
Scheme i.Z
Less polar chromatographic fractions provided an oil which was analyzed by 
gas chromatography-mass spectrometry (GC-MS1. Four major peaks of the GC trace 
shcrwea in the mass spectrum parent ions at m/z 204. The mass spectral data together 
with the 1H and 1 C NMR spectra of the mixture suggest a sesquiterpene 
hydrocarbon mixture of the empirical formula C 15H24. The major constituents in 
order of increasing retention time were: trans- caryophyllene (II) , p-elemene (12), 
a-humuiene 113) ana bicyciosesquiphellandrene (14), the latter being the major 
component ot the mixture. Other components identified by GC-MS were the 
monoterpenes cineole (15), a-pinene (1<S) and a-terptneol (17).
Phyiocnenucai study of Magnoiia freemam
Magnolia frecmani is a very rare species of the family Magnoiiaceae and for 
this reason our chemical study was hampered due to limited availability ot plant 
material. Nevertheless, we were able to unequivocally identify several interesting 
chemical components of the dichlotumethane extract of the leaves of this plant
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Vacuum liquid chromatography (VLC) [3.25] on silica gel 60 of the 
aichloromethane extract of the leaves of M. freemam  afforded several fractions that 
were analyzed by *H NMR spectroscopy and GC-MS analysis. The less polar 
fractions provided mixtures of monoterpenes and monoterpenederivatives that were 
separated/identified by GC-MS. The major component was cineole (15), followed 
by endo-bomyl acetate (18) and camphor (1?). More polar fractions contained a 
number of sesquiterpene lactones, among them parthenoiide ( 1 ), which was 
identified by mass spectral and lH NMR spectral analysis. A chromatographic 
fraction of slightly higher polarity contained a lactone whose *H NMR spectrum 
showed two doublets at 6  6.22 and 5.54 typical of the exocyclic methylene of an
a.P-unsaturated y-lactone, two broad singlets at 5 5.46 and 5.24 characteristic of 
exocyclic methylene protons, a doublet of a doublet centered at 6  4.36 assigned to a 
proton attached to an oxygen-bearing carbon, and a three proton singlet at 6  1.44 
corresponding to a methyl group. The typical lactonic proton appeared at 6  3.26, and 
a doublet corresponding to the neighboring proton was found at 6  2.87. The 
molecule had a D2 O exchangeable proton that showed a broad singlet at 6  8.03 
diagnostic of a hydroperoxide proton. Comparison of these data with the *H NMR 
spectrum of peroxyparthenolide (20) (Fig. 3.10) revealed that they were identical.
More polar fractions afforded the related sesquiterpene lactones 11,13- 
dihydrosantamarine (21A) and reynosin (22). The latter lactone w-as identified by 
GC-MS analysis and its *H NMR spectrum showed two doublets at 6 5.41 and 6 .1 1  
corresponding to the exomethylene protons of the a.p-unsaturated y-lactone, two 
broad singlets at & 4.88 and 4.99 and a doublet of a doublet at & 3.98. Direct 
comparison of these signals with the spectrum of an authentic sample of reynosin 
[3.4] confirmed the structure of compound 22. Another related lactone of similar 
polarity and structure was detected in another chromatographic fraction. Its *H NMR 
spectrum was compared with the !H NMR spectrum of santamarine (21) and that of
11.13-dihydrasamamarine 2 1 A and it w u  observed that it was identical with the 
latter. The mass spectrum gave a molecular ion at m/z 250 which is in accordance 
with the proposed structure. Reynosin (22) and M naiM rine (21) were shown to be 
cyclizadon products of the highly acid-sensitive lactone costunoiide-1 . 1 0 -epoxide 
(24) which cyclizes under silica gel chromatography conditions to give lactones 21 
and 22 (3.6). We therefore suggest that the actual natural product present in the 
leaves of M. freemam is lactone 24 that spontaneously cyclizes even under the mild 
chromatographic conditions. The next chromatographic fraction afforded a 
compound with a molecular ion peak at m/z 264 as determined by GC-MS. *H NMR 
signals at 6  6.34 id. 1H. J  -3.51. 5.62 id, 1H. J  -3.51. 3.93 (dd. 1H. J  -14.01,
2.90 id, 1H. J  -9.0), 2.85 (d, 1HJ  -  1 0 .0 ), 1.40 (s, 3H) and 1.34 (s. 3H) were 
consistent with the structure of michelenolide (24) a lactone previously isolated from 
Micheita compressa (3.26) and which had also been synthesized in our laboratory 
(Castaneda. 1. and Fischer. N. H., unpublished data).
Phytocnemicai study o f Magnoiia tnpetaia
Previous reports on chemical constituents of Magnoiia tnpetaia indicate that 
the lignans magnolol (3) and honoidol (4) are present in its roots and other aromauc 
compounds are reported to be components of floral odor (3.23). Since there is no 
report concerning the investigation of the leaf constituents of this plant we attempted 
to determine the chemical constituents of their dichioromeiane extract.
The NMR spectrum of the dichloromethane extract of the leaves of W 
tnpetaia  showed signals typical of aromatic compounds. Separation of these 
compounds by VLC on silica gel 60 afforded as major components magnolol (3) and 
honokiol (4). Magnolol (3) gave a mass spectral molecular ion m/z 266 and 
exhibited »H NMR signals at 5 3.38 (d, 4H, J -  3 .6 ), 4.9 to 5.2 (m. 4H), 5.75 to
6.10 (m, 2H), 6.07 (br, s, 2H. exchangeable) as well as a group of aromadc signals 
between 6.80 and 7.15. The spectroscopic properties of this compound were in 
agreement with those report ed for raagnolol (3) [3.22]. Compound 4 showed the 
same molecular ion m/z 266 as magnoloL The lH NMR spectrum was also similar to 
that of magnolol except for the appearance of two doublets at 6  3.39 and 3.48 and 
two broad singlets corresponding to exchangeable phenolic hydroxyl groups at 6  
5.32 and 5.58. The other multiplets of 4 were more complex than the corresponding 
signals of magnolol. This information indicated that this compound was an 
unsymmetrical isomer of magnolol (3). Since the only known isomer of magnolol is 
honokioi, comparison of the spectral data or' 4 with the spectral parameters of 
honokiol established its identity.
A third compound, a minor component of the mixture, had a lower retention 
time than magnolol (3) and hanoldol (4) on the GC trace. The mass spectrum 
revealed a molecular weight of 280 and a fragmentation pattern very closely related to 
honoldol. The NMR spectrum was also very gimilnr to honokiol (4) except for 
the appearance of a methoxy group at b 3.87 which suggested a structure 
representing the monomethyl ether of honokiol. possibly 3 ,5 '-diallyl*2 ’-hydroxy-4 -  
methoxybiphenyl (25). Spectral comparison with data from the literature confirmed 
the proposed structure [3.22], The NMR spectra of these 3, 4, and 25 are 
presented in Fig. 3.11. 3.12 and 3.13, respectively. GC-MS analysis provided 
evidence for the presence of the acetyl derivative 3 ,5 '-diailyl-2 '-acetyl-4 - 
methoxybiphenyl (26) as a minor component in M. tnpetala,
Phytochemtcal study of Magnolia acuminata
Magnolia acuminata, commonly the cucumber tree, is a tall forest tree 
of the eastern and southern pans of the United States. It has been used as an
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ornamental tree as well as a source of lumber. Its bark was used in the treatment of 
malaria and rheumatism, although roots are believed to be more efficient [3.27]. 
Several lienans have been found in the root bark of this tree but there is no report 
about the chemical constituents of the leaves which were the subject of our 
investigation.
The leaves of M. acuminata  were extracted by percolation with 
dichloromethane at room temperature. The extract was then evaporated in vacuo to 
leave a dark green residue that was chromatographed on silica gel 60 using mixtures 
of hexane:EtOAc of increasing polarity. The composition of the chromatographic 
fractions was monitored by thin layer chromatography (TLC). From the early 
fractions a crystalline compound was isolated and purified which according to the ]H 
NMR spectrum must be a steroid.
Other compounds identified from non-polar fractions were the terpenes a - 
pinene (16), P-rayrcene (27), P-bourbonene (28), trans-caryophy 11 ene (10), a -  
muurolene (29) fonenol (30) and nerolidol (31). The alkanes pentacosane, 
heptacosane, nonacosane and eicosane were also identified, along with hexadecanoic 
and tetrad ecanoic acid.
*H NMR data gave evidence of the presence of sesquiterpene lactones in the 
fractions of medium polarity, the major component being parthenoiide (1). There 
were at least two other lactones present but in amounts too small to allow for 
unambiguous identification.
Chemical constituents o f Magnolia little gem
From 5,35 g of dried leaves of M. little gem 356 mg of dichloromethane 
extract were obtained by percolation. This amount was not sufficient for an extensive
study o f the chemical constituents o f this plant. Nevertheless it was possible to
identify some of its components by GC-MS analysis. Among the identified 
compounds the major was spathulenoi (32) followed by endo-bomyl acetate (18) 
and hexadecanoic acid.
Chemical constituents o f  Magnolia cordata
Only 1.24 g of the dried leaves of this plant were available which after 
percolation with dichloromethane. provided 540 mg of crude extract . After 
elimination of most of the tatty acids by precipitation in cold acetone the sample was 
subjected to GC-MS anaiysis that indicated the presence of famesol (331. neroiidol 
(30) and 6 -cadinene (34). 'H NMR data indicates the presence of phenolic
compounds, most probably lignans similar to related compounds isolated previously 
from species of this family.
Other Magnoiiaceae species
The dichloromethane extract of the leaves of M. frasen contained aliphatic 
carboxyiic acids as major components. Hexadecanoic and tetradecanoic acids were 
identified from this mixture by GC-MS. In an attempt to shed more light on the 
chemistry of this plant, most of the fatty acids were eliminated by precipitation and 
VLC was applied to the resulting mixture but with no success. *H NMR data of the 
different fractions showed signals corresponding to unidentified phenolic material.
A similar procedure was followed with the dichloromethane extract of M. 
dealbaia.. The only compounds identified by GC-MS were hexadecanoic acid and 
docosane. There is no significant spectroscopic evidence of any other type of 
compounds.
The leaves of M. ashei contain hexadecanoic acid and 17-octadecenal as 
evidenced by GC-MS analysis while M. macrophylla is rich in farty material and 
does not show substantial presence of any other type of compounds.
Finally, the leaves of M. macrophylla were extracted with dichloromethane 
and the crude extract was chromatographed on silica gel. The fractions obtained were 
subjected to' NMR and GC-MS analysis and the results showed the existence of 
phenolic compounds in minute amounts compared to the fatty material that was found 
in almost every chromatographic fraction.
3.3. EXPERIM ENTAL
Instrument an on
*H NMR spectra were recorded at 200, 400 and 500 MHz using CD Cl 3 as 
solvent, chemical shifts are reported in 6  (ppm) units. 13C NMR spectra were 
recorded at 100 MHz with chemical shifts also reported in 6  (ppm) units. GC-MS 
experiments were performed using a 30 m DB-5 column with 0.25 pm internal 
diameter and 0.25 mm external diameter using He as carrier gas. HFLC experiments 
were carried out on a reverse phase 25 cm long Alltech column RSIL Cl 8 , lOp (L 
D .-10 mm).
Plant material
The leaves of Magnolia virgimana, M. acuminata and M. machrophylla were 
collected in Forest County, Mississippi, U. S. A. in 1990. Identification was made 
by Dr. L. Thien, Cell and Molecular Biology Department, Tulane University, New
Orleans, Louisiana. The leaves of M. tripetala, M. acuminata, M. freemam, M. 
froseri, M. little gem, M. cor data, M. dealbata and M. ashei were also provided by 
Dr. L. Thien.
Isolation o f natural products from Magnolia virginiana
Dried leaves of Magnolia virginiana (940 g) were percolated for 24 hr with 
dichloromethane. The crude extract (17 g) was chromatographed by VLC with 
increasing concentrations of ethyl acetate (EtOAc) in hexane affording 10 fractions. 
Prep. TLC in hexane:EtOAc (4:1) of fraction 4 provided 3 mg of costunolide (8) 
while fraction 6 after repeated prep. TLC in hexane:EtOAc (2:1), afforded 33 mg of 
parthenolide (1) and 28 mg of costunolactol (9), which was also present in 
subsequent fractions.
Fraction 8 was chromatographed repeteadly by prep. TLC in hexane:EtOAc 
(2:1) and after reverse phase HPLC using a mixture of acetonitrile:water (1:1), 
provided 1 mg of 4,14-dehydromagnograndiolide (10) along with 1 mg of an 
unidentified sesquiterpene lactone with an aromatic lateral chain.
Parthenolide (1): C isI^oO j; crystallization from chloroform gave colorless 
needles: MS: mfz 248 (M*), 230 (M+-H20 ) , 190 and 43. lH NMR (CDC13): & 1.30 
(st 3H, H-15 Me), 1.71 (s, 3H, H-14 Me), 2.78 (d, 1H, J  -8.8 Hz,H-5), 3.85 (dd, 
1H, H-6), 5.21 (dd. 1H, H -l), 5.62 (d, 1H, J  -3 .2  Hz, H-13a), 6.32 (d . 1H, J  
-3.2 Hz, H-13b)* This compound was identical with an authentic sample (NMR and 
MS).
Costunolide (8): C 15H20O2 ; crystallization from chloroform gave colorless 
needles: MS: mfz 232 (M+), 162, 105, 53 and 41. ‘H NMR (CDCI3): & 1.42 (s, 
3H, H-15 Me), 1.69 (d, 3 H .J -1 .0  Hz H-14 Me), 4.56 (dd, 1H. H-6 ), 4.72 (br,
IH, H-l),4.80 (m, 1H. H-5) 5.52 (d, 1H, J  -3 .0  Hz, H-13,). 6.25 (d, 1H, J  -3 .0  
Hz, H- 13b). This compound was identical with an authentic sample (NMR and MS).
Costunolactol (9): C 15H22O2 ; yellow oil; IR vmai cm-1: 3391 (OH), 1690 
(C-C). MS: m/z 234(M+), 219 (M+-CH3), 205, 201, 145, 105, 81 and 41. »H 
NMR (CDCI3): & 1.34 (s, 3H, H-15 Me), 1.64 (d, 3 H J -1 .0  Hz, H-14 Me). 4.33 
(dd, IH, H-6 ), 4.63 (br, 1H, H-l),4.60-4.80 (m, 1H, H-5) 5.18 (d. 1H, H-13,). 
5.28 (d, 1H, H-13b). l3C NMR (CDCI3): 6  152.63 (C -ll) , 138.00 (C-4 or C-10), 
137.67 (C-4 or C-10), 129.08 (C-5), 126.43 (C-l), 109.12 (C-13), 100.23 (C-10), 
79.49 (C-6 ), 54.77 (C-7), 41.21 (C-9), 39.35 (C-3). 27.10 (C-8 ), 26. 37 (C-2),
17.10 (C-15), 16.03 (C-14).
4 .14-Dehydromagnograndiohde ( 1 0 ): C |5H2 0 O 3; gum; IR vmtx cm-1: 
3490 (OH), 1750 and 1662 (a,(J-unsaturated y-lactonei. MS: m/z 230 (M+), 215 
(M*-CH3), 187, 159, 145 91, 67 and 43. lH NMR (CDCI3 ): 6  1.2l( j, 3H, H-14 
Me), 2.84 (dd. 1H, H-5 ), 3.13 (m, 1H. H-7), 4.04 (dd, 1H, H-6 ). 5.00 (d , 1H, 
H-15,V -1 Hz), 5.19 (d, IH, H-15b,7 -1Hz), 5.45 (d, 1H, H-13, J  - 2Hz), 6.18 
(d, IH. H-l3b,V -2Hz).
Isolation a t  natural products from Magnoliafreemam
Dried leaves of Magnolia freemani (7 .0  g) were percolated for 24 hr with 
dichloromethane. The crude extract (0.65 g) was chromatographed by VLC with 
increasing concentrations of EtOAc in hexane producing 17 fractions. The following 
lactones were successively eluted along with impurities: parthenolide ( 1), 
peroxyparthenolide (21), 11,13-dihydrosantamarine (22A) and michelenoiide (24).
Peroxypanhenohde (21). ‘H NMR (CDCI3): 6  1.43 (j , 3H, H-15 Me), 
2.93 id, IH. H-5 ), 3.92 (dd. IH, H-6 ), 4.33 (dd, IH, H -l), 5.28 (br s. IH. H-
14.), 5.41 ( brs , IH, H-14b), 5.60 (d, IH. J  -3.5 Hz. H-13a), 6.05 (d. IH, J  *3.5 
Hz. H-13*,). This compound was identical with an authentic sample (NMR).
Reynosin (23). MS: m/z 248 (M+), 230 (M+-H20). NMR (CDCI3): 6 
0.82 (s, 3H, H-14 Me), 3.56 (dd, IH, H -l), 4.03 (dd, IH, H-6 ), 4.85 (br s. IH, 
H-15a), 4.99 (br s, IH. H-15b), 5.42 (d, IH. H-13,), 6.08 (d, IH. H -I3b). This 
compound was identical with an authentic sample (NMR and MS).
11,13-Dihydrosantamanne (22A).MS: m/z 240 (M+). 'H  NMR <CDC13): 
6  0.90 (s, 3H, H-14 Me), 1.22 (s, 3H, H-13 Me), 1.81 (s, 3H, H-15 Me), 3.65 (br 
IH, H -l), 3.95 (br IH, H-6 ), 5,25 (br IH. H-3 ). This compound was identical 
with an authennc sample (NMR ana MS).
Michelenolide (24). MS: m/z 264 (MM. 'H NMR (CDCI3): 6 1-34 (s . 3H, 
H-14 Me), 1.40 (s, JH, H-15 Me), 2.85 (d, IH. J  -10, H-l), 2.90 (d. IH, J  -9, H- 
1), 3.93 (dd, IH, J  -14, H-6 ), 5.62 (d, IH, J  -3 .5 , H-13t ). 6.34 (d, IH, J  -3 .5 , 
H-13h). This compound was identical with an authentic sample (NMR and MS).
Isolation of natural products from Magnolia mpetala
Dried leaves of Magnolia tnpetaia f 15.0 g) were percolated tor 24 hr with 
dichloromethane. The crude extract (1.30 g) was chromatographed by VLC with 
increasing concentrations of EtOAc in hexane producing 13 fractions. The following 
lignans were successively eluted along with impurities: magnolol (3),honokiol (4) 
and 3.5'-diallyl-2'-hydroxy-4-methoxybiphenyl (26)
Magnolol (3). MS: m/z 266 (M+), 237. 225. 197, 184 and 133. *H NMR 
{CDClj); 6 3.38 (d, 4 H J  -3.6, H-7 and T )t 4.9-5.2 (m, 4H, H-9 and 9'). 5.75-
6.10 (m, 2H, H -8  and 8 '), 6.07 (brs,  2 H, OH, exchangeable), 6.80-7.15 (m, 6  H, 
H-3, 4, 6 , 3', 4f, 6 '). This compound was identical with an authentic sample (NMR 
and MS).
Honokiol (4). MS: m/z 266 (M*), 237, 224, 197, 184 and 103. lH NMR 
(CDCI3 ): 6  3.39 {d, 2 H . J  -3.6, H-7 or 7'), 3.45 (d, 2 H  J  -3.6, H-7 or 7"), 5.05-
5.30 (m, 4 H, H-9 and 9*), 5.28 (br s, 1 H  OH, exchangeable), 5.49 (br s. 1 H, 
OH, exchangeable), 5.92-6.10 (m, 2 H, H -8  and S'), 6.80-7.40 (m, 6  H, H-2, 5, 6 , 
3', 4', 6 '). This compound was identical with an authentic sample (NMR and MS).
3.5’-Diallyl-2‘-hydroxy-4-meihoxybiphenyl (26). MS: m/z 280 (M*), 251, 
224, 198, 181, 165 and 115. IH NMR (CDCI3): 6  3.35 (d, 2 H, J  -3.5, H-7 or 70, 
3.43 (d, 2 H, J  -3.5, H-7 or 1 \  3.88 (s, 3H. -OCH3) 5.02-5.30 (m. 4 H, H-9 and 
9'), 5.14 (brs,  1 H, OH, exchangeable), 5.94-6.02 (in, 2 H, H-8  and 8 '), 6 .8 8 - 
7.34 (m, 6  H, H-2, 5, 6 , 3', 4’, 6 '). Tlus compound was identical with an authentic 
sample (NMR and MS).
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Figure 3.10. *H NMR Spectrum of Compound 20 in CDCI3.
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Figure 3.11. Mi NMR Spectrum of Compound 3 in CDCI3
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Figure 3.12. *11 NMR Spectrum of Compound 4  in CDCI3 .
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Figure 3.13. Ul NMR Spectrum of Compound 26 in CDCIj.
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CHAPTER 4 
CONCLUSIONS
The results reported in this dissertation demonstrate the great potential o f 
hairy root cultures as a suitable medium for biosynthetic studies involving t3C 
labeled precursors. Using this methodology it was possible to demonstrate the 
biosynthesis of thiarubrine A in hairy root cultures of Ambrosia artemisiifolia by 
incorporation of [1-13C]-, [2-l3C]- and [l,2 -13C2]-acetates. The patterns of 
enrichment observed were consistent with a pathway in which the thirteen-carbon 
1,2-dithiin arises from a longer-chain precursor, most likely a fourteen-carbon 
homolog, by carbon-carbon scission. Likewise, the spectra of 13C-enriched |3- 
bisabolene and (3-trans-bergamotene, derived by incorporation of [1-13C]-, [2-13C]- 
and [ 1,2-13C2 ]-acetate in A. artemisiifolia hairy root cultures, showed patterns of 
enrichment consistent with the biosynthesis of sesquiterpenes proceed via the 
mevalonic acid pathway. In order to shed more light on the biosynthesis of these 
compounds it would be most interesting to incorporate in their biosynthetic 
pathways, biogenetically more advanced precursors like ,3C labeled mevalonic acid
Regarding the biosynthesis of 7-isobutyryloxythymol isobutyrate and 7- 
isobutyryloxy-8,9-dehydroepoxythymol isobutyrate and the acetylenic sulfone 1,7- 
diepoxy-8-methylsulfon-tridecatetrain-(3,5,9,tl) it was not possible to draw any 
conclusion due to the low 13C incorporations. Attempts should be made to vary the 
concentration and/or the timing of the addition of the labeled acetates in order to 
achieve sufficiently high incorporations. Also, it would be desirable to try the use of 
other biosynthetic precursors.
The total assignment of the signals of 13C NMR spectra of the compounds 
described before (with the exception of the diepoxysulfone) is reported in this 
dissertation and could be used for future biosynthetic studies.
The information obtained on the chemistry of the members of the family 
Magnoliaceae indicates that some of the species investigated contain a number of
biologically active compounds. An in depth investigation of Magnolia frcemani, M. 
acuminata, M. tripetala and M. acuminata and a re-investigation of M. virginiana 
should be pursued. The compounds isolated, especially the sesquiterpene lactones 
and lactols already identified should be tested for their biological activity. Finally, 
the possibility of producing hairy root cultures of these plants should be determined 
in order to investigate the biosynthesis of the lactones, lactols, lignans and other 
compounds present in these plant taxa.
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